obtained from endogenous tissue proteins but
wound strength is increased by providing a diet
adequate in protein. In well nourished individuals,
protein and vitamin supplements will not speed heal-
ing or improve wound strength.

Excess of adrenal glucocorticoid hormones. Large
doses of glucocorticoids, especially if given \&hin
the first few days after wounding, may suppress
repair in experimental animals. In man the usual
therapeutic doses seem to have little effect on healing
of sutured incisions but may delay closure of open
wounds with their higher energy requirements. Poly-
morphs and macrophages tend to be scanty, fibro-
blast proliferation and migration and the formation
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of new blood vessels are all diminished, while epith-
elialisation-and contraction are also deficient. In the
steroid-treated patient there is a higher risk of
wound infection and this is more likely to be undetec-
ted clinically. While the administration of vitamin A
systemically or topically may counteract some
steroid effects it does not restore wound contrac-
tion.

Zinc deficiency. Zinc is necessary for the synthesis
of collagen. Oral supplements of zinc may promote
wound healing in patients with zinc deficiency, but it
is difficult to identify these patients since serum zinc
levels may not reflect accurately the overall bodily
status of zinc metabolism.

Healing of fractures

Healing in bones bears many resemblances to
healing in soft tissues. Primary union of a frac-
ture is however exceptional (p. 92), healing by
the proliferation of callus (similar to wound
healing by secondary intention) being the rule.
There is initial haemorrhage and mild acute
inflammation, followed by a proliferative or
productive stage in which osteogenic cells play
a vital part. Continuity between the bone frag-
ments is first established by a mass of new
bony trabeculae and sometimes cartilaginous
tissue (provisional callus). This undergoes slow
remodelling, with resorption and replacement
so that, under favourable conditions, firm bony
union is achieved. Sometimes restoration is so
good that the fracture site is later hardly iden-
tifiable.

Early stages

A good deal of force is normally required to
break a bone, the fragments are usually dis-
placed, and in addition to a relatively small
amount of haemorrhage between the bone ends
much blood may seep into the tissues from rup-
tured vessels of the torn periosteum and ad-
jacent soft tissues. In addition to haemorrhage,
local inflammatory changes take place with
hyperaemia and exudation of protein-rich fluid
from which fibrin may be deposited. Poly-
morphs are scanty unless there is infection, and
this is common only in compound fractures, i.e.
when a bone fragment has torn the overlying
skin or mucous membrane. Macrophages also

invade and phagocytose clot and tissue debris.
Red blood cells are often removed rapidly from
the fracture site, leaving a homogeneous mass
of fibrin between the bone ends. A large
amount of clot and debris between the bone
fragments delays healing.

Bone necrosis occurs chiefly as a result of tear-
ing of blood vessels in the medullary cavity,
cortex and periosteum; the first recognisable
histological evidence is observed within a day
or two, the haemopoietic marrow cells showing
loss of nuclear staining (Fig. 4.15). Fat released
from dead marrow may be taken up by macro-
phages, and fat 'cysts' form, surrounded by
foreign-body giant cells. Damage to the
marrow may have serious results when globules
of fat enter torn local venules and produce fat
emboli in the pulmonary bed, brain and kid-
neys (p. 244). Because of its vascular arrange-
ments .the cortical bone usually suffers more
extensive necrosis than the spongy medullary
bone. The amount of bone necrosis depends
especially on the local peculiarities of

supply; the talus, carpal scaphoid, and the fem-
oral head following infracapsular fracture, are
particularly liable to undergo extensive ischae-
mic necrosis. When there is splintering of bone
(comminuted fracture) some of the fragments
may lose their blood supply; they become nec-
rotic and, if small, are eventually resorbed by
osteoclasts. Bone death is recognisable histo-
logically by loss of osteocytes from the bone
lacunae (Fig. 4.15) but some cells may remain
visible long after their death.